Clinical picture of Hashimoto's thyroiditis (HT) may significantly vary in pediatric age, ranging from euthyroidism to subclinical hypothyroidism or hyperthyroidism; only rarely HT presentation may be characterized by a severe hypothyroidism also in pediatric age. Here we describe a 3-year-old Caucasian girl who was admitted to our Clinic due to pericardial effusion, muscle weakness and weight gain. At clinical examination, she presented with bradycardia, pale and round face, pseudohypertrophy of calf muscles and no pitting edema of the limbs. Routine blood investigations showed high serum aspartate and alanine aminotransferase levels, low serum ceruloplasmin without clinical signs of Wilson's disease, dyslipidemia. Thyroid function tests revealed a picture of severe hypothyroidism associated with HT. After the replacement treatment with L-T4, thyroid-stimulating hormone serum levels gradually decreased, with concomitant resolution of pericardial effusion and normalization of ceruloplasmin levels.
Introduction
Hashimoto's thyroiditis (HT) is the most common thyroid disease in childhood and the most frequent cause of thyroid enlargement and acquired hypothyroidism in children and adolescents from iodine replete areas. Both thyroid function tests and clinical manifestations at HT presentation may significantly vary in the different pediatric cohorts. [1] [2] [3] [4] [5] [6] In children euthyroidism is the most frequent biochemical pattern at diagnosis, 7 followed by subclinical hypothyroidism, overt hypothyroidism and, more rarely, either subclinical or overt hyperthyroidism. [1] [2] [3] [4] [5] 8, 9 From a clinical view the most common presenting manifestation is goiter, but most children may also be asymptomatic at the time of diagnosis. 6 Other less common manifestations are those originating from compression of the cervical structures that are anatomically contiguous to thyroid gland and include cough, hoarseness, dysphagia, dysphonia, and dyspnea. 6 In the children presenting with a biochemical picture of overt hypothyroidism it is possible to observe, at diagnosis, clinical symptoms of thyroid function impairment: bradycardia, constipation, changes of skin and appendages, hypochromic and microcytic anemia and neuropsychiatric symptoms, such as attention loss and impaired scholastic performances. 6 In a 3.5% of cases HT may present with a transient hyperthyroid picture and such a presentation pattern is known as hashitoxicosis, which is the second commonest cause of hyperthyroidism in childhood. 10 In these cases differential diagnosis between Graves' disease and HT may be sometimes very difficult, at least on the basis of clinical examination. 8, 10, 11 However, it is well known that HT presentation in childhood may be very heterogeneous and many other clinical and biochemical abnormalities have been reported to be detectable in a child presenting HT. [12] [13] [14] [15] [16] [17] We have just recently observed a girl, who exhibited, at the time of HT diagnosis, a biochemical finding (hypoceruloplasminemia) that had never been reported to be possibly associated with this disease. This atypical finding gave us the opportunity of analyzing the physiological role of thyroid hormones in the mechanism of serum ceruloplasmin level regulation. 
Case Report
A 3-year-old girl was admitted to our Clinic due to a clinical picture characterized by recurrent pericarditis, fatigue and muscle weakness. Her family history was remarkable for both autoimmune thyroid diseases and hypercholesterolemia. Her recent personal history was significant for weight gain (about 2 Kg), face swelling and chronic constipation during the last two months.
At clinical examination she exhibited: pale, yellowish and round face, hypertrophy of calf muscles and no pitting edema of the limb. Abdomen was protruding, meteoric and soft at palpation. Neurological examination was negative and Gower's sign was absent. Thyroid size was normal and no nodules and/or regional lymphoadenopathies were detected at physical examination.
Echocardiogram, performed at the first day of hospitalization, showed thickening and minimal dissection of pericardium. Laboratory investigations showed increased serum concentrations of liver enzyme specially aspartate aminotransferases, accompanied by elevated creatine kinase (CK) levels. Total and LDL cholesterol were high, whereas triglyceride levels were normal (Table 1) .
In order to identify the possible causes of hypertransaminasemia, we performed the following laboratory investigations: toxoplasma and viral serology (Epstein Barr, Cytomegalovirus, Herpes, Hepatitis A, Hepatitis B and Hepatitis C), serology for celiac disease, analysis of the specific autoimmune panel (antinuclear, antismooth muscle, liver-kidney microsomal and extractable nuclear antibodies). All these investigations were negative.
Laboratory investigations showed also low ceruloplasmin levels (Table 1) . In order to exclude Wilson disease, our patient underwent to 24-hour urinary copper and serum-free copper detection resulting normal; the abdominal ultrasound was also negative and the ophtalmological evaluation excluded the presence of the Keiser Fleischer ring.
Thyroid function tests showed very high thyroid-stimulating hormone (TSH) levels and low FT4 values (Table 1) .
Anti-thyroid peroxidase autoantibody (TPOAb) titers were very high whilst antithyroglobulin autoantibody titers were within reference range (Table 1) .
Thyroid ultrasound evaluation showed a third grade sonographic pattern according to Sostre's classification. 18 On the basis of clinical picture and diagnostic assessments we established a diagnosis of HT-related severe hypothyroidism with pericardial effusion, myopathy, hypercholesterolemia and hypoceruloplasminemia. Therefore, we started a replacement treatment with L-T4. Laboratory investigations were repeated three weeks after therapy onset and evidenced a normalization of all the pathological biochemical findings (Table 1) . Also the clinical and echocardiographic abnormalities regressed under L-T4 therapy.
On the light of the overall improvement which was recorded under L-T4 replacement treatment, the initial diagnosis of HTrelated hypothyroidism was finally confirmed.
Discussion
Whereas the presentation modes of HT in childhood are mainly conditioned by patients' age at the time of diagnosis, 7 its evolution over time is mainly affected by TSH serum levels at presentation 19, 20 and additional risk factors, such as the coexistence with either celiac disease or very elevated TPOAb serum levels 19 or Turner syndrome. [21] [22] [23] Although it is largely accepted that HT in the majority of children and adolescents presents with a mild biochemical and clinical picture, [1] [2] [3] [4] [5] [6] [7] [8] [9] nevertheless it is also known that, in a minority of cases, biochemical and clinical presentation may be very severe, [12] [13] [14] [15] [16] [17] as in the present report.
Our patient referred to our Clinic due to a clinical picture characterized by pericarditis, muscle weakness and fatigue. The pathophysiological mechanism of pericardial effusion in hypothyroidism lies on both an increased capillary permeability and an impaired lymphatic drainage, with subsequent leakage of proteins into the interstitial space. However, this manifestation is known to occur only in the cases with a severe impairment of thyroid function. [14] [15] [16] 24 By contrast, myopathy is a common presenting manifestation in children with overt hypothyroidism and may be clinically asymptomatic and characterized only by mild to moderate CK elevation. 17 The most unusual aspect of the present case report was the finding of a very low serum concentration of ceruloplasmin at HT diagnosis, a biochemical abnormality that had never been reported to date in a child with hypothyroidism, at least to the best of our knowledge. Such an atypical finding is not easy to be explained from a pathophysiological view. It has to be underlined, however, that thyroid hormones have been recently postulated to play some role in the mechanism of copper serum level regulation, by enhancing both biosynthesis and export of hepatic ceruloplasmin protein into the serum. 25, 26 In fact, ceruloplasmin serum levels have been reported to be abnormally low also in a series of patients with peripheral resistance to thyroid hormones. 26 Because of low levels of ceruloplasmin are not always indica- tive of a copper storage disorder, a correct differential diagnosis with disorders sharing this laboratory findings -such as congenital disorder of glycosylation -may be challenging. 27 On the basis of that report and the present case history, we infer that hypoceruloplasminemia might be proposed as an additional biomarker for both hypothyroidism and resistance to thyroid hormones. This inference seems to be reinforced by the normalization of serum ceruloplasmin concentrations that accompanied the normalization of thyroid function tests after the onset of L-T4 replacement therapy.
Conclusions
On the light of this case history we underlie: i) the importance of biochemical screening for hypothyroidism in children presenting with an unexplained pericardial effusion; ii) the importance of maintaining a high level of suspicion for long-lasting hypothyroidism in children with nonspecific complaints of fatigue, myalgia and generalized weakness; iii) the crucial role of thyroid hormones in the regulation of ceruloplasmin levels; therefore the pediatricians should suspect a hypothyroid condition in young patients with hypoceruloplasminemia and no other signs of Wilson's disease.
